The US Naval Observatory has mined over 140 astrometric catalogs, including the Astrographic Catalogue and the Two Micron All Sky Survey, for measures of double stars. This resulted in 114,218 new measures of 47,007 different systems spanning 110 years; these are now included in the Washington Double Star catalog (WDS). This is the single largest data set ever added to the WDS. The measures are typically of wider pairs, most between 4 00 and 30 00 ; thus, their value in aiding orbit determination is limited. However, they have proven invaluable in the verification of systems and the determination of rectilinear motions of systems.
INTRODUCTION
Since the 1960s, the United States Naval Observatory (USNO) has been heavily involved in converting astrometric-quality star catalogs to machine-readable form, primarily for use in determining high-precision proper motions, since this requires utilization of many sources over as long a time base as possible. This data set is called the Washington Fundamental Catalog (WFC), although no catalog was ever released under that name. The WFC contains data from 144 ground-based catalogs, most observed with transit circles or astrographs, totaling over 8 million star positions, some dating as early as the late 1800s. A list of WFC source catalogs is given in Table 5 of the Guide to the Tycho-2 Catalogue.
1 All WFC data were reduced to the International Celestial Reference System using the Hipparcos catalog (Perryman et al. 1997) . Two notable results of the WFC were the generation of proper motions for Tycho-2 ( Høg et al. 2000a ( Høg et al. , 2000b and the Second US Naval Observatory CCD Astrograph Catalog ( UCAC2; Zacharias et al. 2000) . It was realized that in addition to being a source of information for proper motions, the WFC contains a wealth of double star measures that could go into the Washington Double Star catalog (WDS; Mason et al. 2001) . 2 During the course of extracting double star measures from the WFC, the final release of the Two Micron All Sky Survey (2MASS; Cutri et al. 2003 ) was made. It was realized that this data set also contains a wealth of double star information; therefore, using the same pair identification methodology, measures from the 2MASS Point Source Catalog 3 were extracted and added to the WDS. This paper details the extraction process and provides tabular data for the individual measures, as well as giving important statistics. Section 2 explains the method used to match the input data to the WDS. Section 3 discusses the errors of the measures. Section 4 discusses newly identified double systems in the WFC, while x 5 describes the contributions of this new set of data to double star science.
EXTRACTION OF DATA
The WFC data set, having been designed to be used in proper motions work, was first precessed to J2000.0. Double star observations, on the other hand, are published at the equator and equinox for the epoch of observation. Therefore, the first step in the matching /extraction processes was to precess the WFC positions back to their original observation dates. The WFC epoch was computed as the mean of the right ascension and declination epochs for each star. 4 Since the measures are relative position angles and separation (not position on the sky), the adjustment due to precession is small for most of the systems; however, it can grow considerably for the older catalogs and for systems near the poles. An example is illustrated in Figure 1 .
Following the precession of the data to the epoch of observation, a positional match was performed between the catalog positions in the WFC and the WDS. This match used a search radius of 120 00 from each WDS entry. Subsequently, the position angle and separation parameters of any two WFC stars within this radius were compared with the same parameters in the WDS. As this filter is for a correct match, if the position angle difference was less than 30 and the separation change was less than 30%, then the WFC system was selected as a match.
The actual extraction of data was done in three phases. The first extraction, done in late 2001, resulted in 36,547 measures. As double star positions were improved or additional doubles were found either in historical literature or by other observing programs, it was possible to do another match; this was done in late 2003, resulting in an additional 18,755 measures. Finally, following release of the 2MASS catalog, a similar matching procedure was used to identify double star measures in that catalog. The density of the 2MASS catalog posed a challenge, as there could be many pairs within a given large search window matching the general relative astrometry of the pair. Determining precise coordinates in earlier iterations of the project allowed the shrinking of these windows and, thus, the number of false positives. Matching with 2MASS and rematching with the other catalogs resulted in 58,916 more measures. This exercise is appropriate whenever large astrometric catalogs are added and will be repeated when the final UCAC release is matched and as warranted by the discovery of new wide binary systems. Table 1 presents a listing of the astrographic and transit circle catalogs contributing double star measures. The catalog code is given in column (1), with the catalog name and reference given in columns (2) and (3). Catalogs coded with the lead ''WFC'' designation are photographic catalogs, whereas those with the lead ''WFD'' designation contain transit circle observations. Column (4) lists the number of contributing double star measures. It is worth noting that the vast majority of new measures are from two sources, the Astrographic Catalogue (AC; Urban et al. 1998 ) and the 2MASS Point Source Catalog.
A histogram of the epochs of observation is presented in Figure 2 . As expected, this figure illustrates features in the AC and 2MASS. The AC was observed over several decades in the late 1800s and early 1900s and is the major source of pre-1930 data. The spike in the number of observations near the year 2000 is due primarily to the 2MASS catalog.
A histogram illustrating the separation coverage is given in Figure 3 . The decrease in number at closer and wider separations is for two different reasons. At closer separations the inability to resolve closer companions is not unexpected given the limitations of short focus astrometry and the photographic process. In fact, in the compilation of the AC, measures of two ''stars'' that were closer than 2 00 were usually treated as a duplicate measure of a single star and combined. In addition, transit circle programs routinely avoided close doubles because they generally made poor reference stars. At wider separations the decrease is due to the lack of known binaries at these relative distances. (5) give the mean values for epoch of observation 5 (expressed as fractional Besselian year), the position angle (in degrees), and the separation (in arcseconds). Column (6) indicates the number of observations contained in the means, while column (7) lists the appropriate source of the data from the list in Table 1 . Column (8) lists the aperture of the telescope used in the observation, while the code in column (9) indicates the observing method. Column (10) is reserved for notes.
ERRORS OF MEASUREMENT
As an assessment of the quality of WFC measures, they have been compared to systems with calibration-quality orbits . While these systems contain many definitive orbits, they also contain a like number of wider, longperiod systems whose orbits, while describing the complete motion inexactly, provide perfectly reasonable ephemerides over the observation dates. Two examples of these are given in Figures 4 and 5. The full list of residuals to calibration systems is presented in Table 3 . Columns (1)- (7) are the same as in Table 2 described above. Columns (8) and (9) give the O À C (observed minus calculated) orbit residuals (in and ) to the orbit referenced in column (10). Table 4 lists the mean orbit residuals for the different catalogs cited in Table 3 . Column (1) lists the catalog code, while column (2) provides the number of measures from Table 2 included in the mean. Columns (3) and (4) give the mean O À C orbit residual. Column (5) lists notes. Typically, these indicate when residuals have been determined from a subset of the wider ( > 5B0) data. Means of astrograph, transit circle, and all data are also provided. The systematic overestimating of very close systems that has been noted for other techniques (Worley 1981 ) is also seen here. When close systems are measured, at separations less than about 10 00 the error can be considerable, as shown in Figure 6 . While these measures with larger errors are still of value in systems with few measures, their value in systems with many measures (especially those with contemporaneous double star observations) is of limited value. As is shown in Figure 7 , the error has gone up slightly over the past century. However, comparison with Figure 6 indicates that these large-error systems are also those that are closest.
NEW WFC DOUBLES
The matching of the astrometric catalogs was done against the WDS in an effort to obtain more measures. However, in the match of known doubles additional pairs were flagged as possible new systems if they met one of two possible criteria: (1) the magnitude and separation fell within Aitken's (1932) proximity parameter; or (2) they were closer than 10 00 . Modifications of Aitken's parameter for distinguishing between optical and physical pairs have been used ( Rossiter 1955) in other surveys, and while it has significant limitations it is useful to highlight possible physical pairings of bright stars. The proximity limit was used because pairs closer than this may cause difficulties in the event of blended images. While many of these may be optical rather than physical, their proximity is the compelling factor, and these are pointedly ''WFC doubles,'' not ''WFC binaries.'' Identification of new pairs using these methods was not done with the 2MASS data (and will not be attempted with other deep catalogs, e.g., UCAC3) as the catalogs are so dense and deep the pairings identified by these techniques are more likely to be optical. While there are no doubt physical pairs contained within these catalogs, more traditional methods of identifying binaries (rather than doubles) such as Keplerian motion or common proper motion need to be used (see, e.g., Greaves 2004) .
A total of 280 systems not previously resolved had more than one WFC measure in an initial inspection and were added to the WDS. Systems with only one measure were not added, as the uncertainty in quality of the various techniques made their veracity subject to doubt. The current WDS entries for these systems are provided in Table 5 . In this table, column (1) gives the abbreviated J2000.0 coordinates, which also serve as the WDS designation. Column (2) provides the discovery designation. The WFC designation given in this column is only approximately sequential in right ascension due to the timing of their confirmations. Columns (3) and (4) give the dates of first and last observation, while column (5) gives the number of observations. The position angles of the binary on the first and last observation dates are given in columns (6) and (7). The separations in arcseconds for these observations are given in columns (8) and (9). Finally, columns (10) and (11) give the magnitude of the primary and secondary stars, respectively. Magnitudes given to a tenth of a magnitude are provided by the source catalog. For photographic catalogs (coded with prefix ''WFC'' in Table 1 ), these can be taken as approximately B. For visual catalogs (those coded with prefix ''WFD'' in Table 1 ), these can be taken as approximately V. When given to the nearest hundredth of a magnitude, the source of the magnitude is the V T magnitude of Tycho-2. Stars with entries in the Tycho-2 catalog (Høg et al. 2000a (Høg et al. , 2000b have been inspected to make sure their proper motions are not incompatible. In no case was this found to be true. Again, the accuracy in the listing of magnitudes in Table 5 indicates which new WFC doubles have proper motions contained in Tycho-2.
In addition to these new systems with multiple epochs, there were a total of 153 ''single epoch'' WFC stars. While these represent measures of questionable detections, they are being retained until inspection either at USNO or at outside institutions. While the greatest hope for these systems is possibly the UCAC project (Zacharias et al. 2000) , 69 systems have been confirmed by the Tycho Double Star reduction project (Fabricius et al. 2002 ) and 14 by 2MASS. Six others were confirmed with the USNO speckle camera and 26 inch (0.7 m) refractor in the spring of 2001 , and one in 2002 ( Mason et al. 2004 ). Additional single-epoch new doubles will be added to the WDS as they are confirmed.
CONTRIBUTIONS TO DOUBLE STARS
This compilation of data added to the WDS represents the single largest data set added; 16% of the mean positions in the WDS come from this work, and they represent 46% of the known systems. However, they are the wider, typically slow-moving systems. For most double stars it takes quite a few measures spanning several years to classify them as having motion that is either Keplerian or rectilinear. So, while the data set is large and helpful in cases of verification and linear proper motions, its value in the case of orbit systems is severely limited. A summary of the WFC contributions to double star measures is presented in Table 6 . In any event, 109 systems, including those listed in Table 3 , have orbital determinations. The greater contribution is expected to come for systems with linear solutions (i.e., differential proper motion), which is expected to be significant. A total of 1141 systems have these types of solutions ( W. T. Hartkopf et al. 2006, in preparation) .
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